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Executive Summary 

 
An age-based model using age and length data was developed for Dover sole.  Survey biomass estimates, 
survey age and length data, and fishery length data were used in the model.  Length composition data 
were fit using a fixed length-age transition matrix estimated from survey length at age data. 

Survey biomass from NMFS trawl surveys from 1984 to 2003 were included in the model.  Surveys 
covered depths to 500 meters in 1990, 1993, 1996, and 2001.  Surveys in 1984, 1987, and 1999 extended 
to depths of 1000 meters.  The 2003 survey covered depths to 700.  Survey biomass estimates from years 
when the survey extended to 1000 meters (700 meters in 2003) had q fixed at 1.0.  Years when the survey 
only sampled to 500 meters had a q of 0.82, which was the average fraction of the biomass in depths less 
than 500 meters estimated from surveys that covered all depths.  The 2001 survey did not sample the 
eastern gulf, and did not extend deeper than 500 meters.  The 2001 survey q was fixed at 0.42 which is 
the average fraction of the biomass in the western and central areas multiplied times the average fraction 
of the biomass in water less than 500 meters.  Natural mortality was decreased from 0.1 used in previous 
assessments, to 0.085 in the current assessment, to reflect more extensive age data containing a maximum 
age of 54 years.   

The estimated biomass from the model decreased from about 168,000 t in the mid-1980’s to 102,000 t in 
2004.  The 2005 ABC using F40% was 6,642 t.  OFL using F35% was 8,241 t. 

Introduction 
Dover sole occur from Northern Baja California to the Bering Sea in depths to 1,500 meters.  Larvae are 
large and have an extended pelagic phase that averages about 21 months (Markle, et al. 1992).  Dover 
sole are batch spawners, with spawning occurring in winter months.  Dover sole move to deeper water as 
they age, and older female Dover sole may have seasonal migrations from deep water where spawning 
occurs to shallower water in summer time to feed (Demory, et al. 1984, Westrheim, et al. 1992).  Older 
male Dover sole may also migrate seasonally, but to a lesser extent than females.  Dover sole feed 
commonly on polychaete worms, pelecypod and scaphopod mollusks, shrimp, and brittle stars.   

Catch History 
Catch is reported for management purposes as the deepwater flatfish complex, which includes Dover sole 
(Microstomus pacificus), Greenland turbot (Reinhardtius hippoglossoides) and Deep-sea sole 
(Embassichthys bathybius).   Catch of Dover sole was estimated by applying the fraction of the deep-
water catch that was Dover sole from observer data (Table 4.1).  Catches declined from 827 t in 1978 to 
23 t in 1986, increased to a high of 9,741 t in 1991, then declined to 492 t in 2002.  Catch to October 9, 
2004 was 682 t, a decline from the 2003 catch of 946 t.  Table 4.2 documents annual research catches 
(1977 - 1998) from NMFS longline, trawl, and echo integration trawl surveys.   



 

   

Abundance and exploitation trends 
 

NMFS bottom trawl surveys covered depths to 1000 m in 1984, 1987, and 1999 (Table 4.3).  The 2003 
survey extended to 700 meters.  The surveys in 1990, 1993, 1996, and 2001 sampled depths to 500 
meters.  The 2001 survey did not cover the eastern gulf where about 50% of the total Dover sole biomass 
occurs (Table 4.4).  The average fraction of Dover sole biomass in depths less than 500 m is 0.82 (Table 
4.5 and Figure 4.15).  Survey biomass increased from about 68,500 t in 1984 to 96,600 t in 1990, then 
declined to about 64,000 t in 2001, after adjusting for the missing eastern gulf area.  The 2003 survey 
biomass increased to 99,327 t (depths to 700 meters), a 56% increase from the 2001 estimate (maximum 
depth was 500 m) (Table 4.3).  The 2003 survey biomass was a 34% increase from the 1999 survey 
biomass which extended to 1000 meters. 

Data   
The following data sources (and years of availability) were used in the model:  

Data component  Years 
Fishery catch        1984-2004 
NMFS bottom trawl survey biomass and S.E. 1984,1987,1990,1993, 

  1996,1999,2001,2003 
Fishery size compositions  1991-2003 
NMFS trawl survey size compositions      1984,1987,1990,2003 
NMFS trawl survey age compositions 1993,1996,1999,2001 
 

Analytic approach 

Model Structure 
The model structure is developed following Fournier and Archibald’s (1982) methods, with many 
similarities to Methot (1990).  We implemented the model using automatic differentiation software 
developed as a set of libraries under C++ (ADModel Builder).  ADModel Builder can estimate a large 
number of parameters in a non-linear model using automatic differentiation software extended from 
Greiwank and Corliss (1991) and developed into C++ class libraries.  This software provides the 
derivative calculations needed for finding the objective function via a quasi-Newton function 
minimization routine (e.g., Press et al. 1992).   The model implementation language (ADModel Builder) 
gives simple and rapid access to these routines and provides the ability to estimate the variance-
covariance matrix for all parameters of interest.   

Details of the population dynamics and estimation equations, description of variables and likelihood 
equations are presented in Appendix A (Tables A.1, A.2 and A.3).  A total of 93 parameters were 
estimated in the model (Table A.4).   Thirty-seven recruitments were estimated to build the initial age 
structure in 1984, and 21 recruitment deviates and one mean recruitment were estimated from 1984 to 
2004.  There were 21 fishing mortality deviates and one mean recruitment in the model which were 
constrained to fit the observed catch closely.  Twelve parameters were estimated for the logistic 
selectivity curves by sex for the fishery, and deep and shallow surveys.  The instantaneous natural 
mortality rate, survey catchability and Von Bertalanffy growth parameters were fixed in the model (Table 
A.5). 



 

   

Parameters Estimated Independently 

Natural mortality, Age of recruitment, and Maximum Age 

Natural mortality was estimated to be 0.085 for Dover sole using Hoenig(1983) and a maximum age of 54 
years.  Previous assessments used M=0.1 based on Hoenig(1983) and a maximum age of 45 years. 

Weight at Length 
The weight-length relationship for Dover sole is W = 0.0029 L 3.3365  for females, where weight is in 
grams and length in centimeters (Abookire and Macewicz 2003). 

Growth 
Parameters of the mean length at age equation were estimated from the survey age and length data in 
1984, 1993, 1996, 1999, and 2001.  Linf  was estimated as 51.51 cm for females and 42.42 cm for 
males(Figures 4.2, 4.3 and 4.4).  k was 0.127 for females and 0.195 for males and t0 was -2.66 for females 
and -1.97 for males.  

)))(exp(1(* 0inf ttkLLt −−−= . 

Maturity 
Female Dover sole length at 50% mature was estimated at 43.9 cm, with a slope of -0.062 (Abookire and 
Macewicz 2003)(n=67).  Using the GOA survey age-length relationship, 43.9 cm is an age of 12.5 years 
for 50% maturity. 

Likelihood weights and other model structure  
Weights used on the likelihood values were 1.0 for the survey length, survey age data and the survey 
biomass (simply implying that the variances and sample sizes specified for each data component were 
approximately correct).  A weight of 0.5 was used for the fishery length data.  The fishery length data is 
essentially from bycatch and in some years has low sample sizes.  A lower weight on the fishery length 
data allows the model to fit the survey data components better.  The estimated length at age relationship is 
used to convert population age compositions to estimated size compositions.  The current model 
estimated size compositions using a fixed length-age transition matrix estimated from the 1984, 1993, 
1996, 1999 and 2001 survey age and length data.  The distribution of lengths within ages was assumed to 
be normal with cv’s estimated from the length at age data of 0.13 for age 3 and 0.08 for age 40+.  Size 
bins were 2 cm starting from 18 cm to 66+ cm.  There were 22 age bins for fitting to the age data, from 3 
to 19 by 1 year intervals and from 20-24, to 40+ by 5 year intervals.   

Parameters Estimated Conditionally 

Recent recruitments 
Recruitment in 2002-2004 was constrained to be close to the historical harmonic mean recruitment.  This 
was done as a precautionary approach since the harmonic mean recruitment is less than the arithmetic 
mean recruitment, and due to the lack of data to estimate the most recent recruitment. 

Selectivity 
Separate fishery selectivities were estimated for males and females using a two parameter ascending 
logistic function (Figure 4.1).  Survey selectivities were modeled using a two parameter ascending logistic 
function for surveys extending into deep water (1984, 1987, 1999 and 2003) (Figure 4.1).  The 
selectivities by age were estimated separately for females and males.  Survey selectivities were modeled 
using a four parameter logistic function for surveys sampling depths to 500 meters (1990, 1993, 1996 and 



 

   

2001).  The four parameter function allows the selectivity curve to be dome shaped depending on the 
parameters estimated. 

Results 
Fits to the size composition data from the fishery are shown in Figures 4.5 (females) and 4.6 (males).  
Observed sizes are larger in recent years, indicating a possible change in selectivity over time.  Allowing 
changing fishery selectivity over time would improve the fit to the fishery data.  Fishery selectivities are 
above 95% at about age 12 for males (about 40 cm) and age 14 for females (about 45 cm).   The survey 
length fits in general are smoother than the observed lengths resulting in more small and large fish and 
fewer fish in the 35 cm to 45 cm length bins (Figures 4.7 and 4.8).  The 2003 length data show more 
small fish indicating the possibility of a larger than average recruitment; however, future survey data is 
needed to verify this.  The survey age data are not always consistent between males and females (Figures 
4.9 and 4.10).   As Dover sole age they move to deeper water, and older females may seasonally migrate 
to shallower water in the summer time to feed, leaving mostly older males in deeper water.  Differences in 
age composition between sexes may be due to migration patterns and the depths covered by the survey in 
that year.  Male survey selectivities for surveys covering depths to 500 meters were higher for smaller 
males than for surveys extending to deeper water (Figure 4.1).   In 1993 and 2001, the survey data show 
large numbers of females at ages greater than 25 years.  The male age data show large numbers of animals 
greater than 25 years in 2001, but not in 1993.    

Model estimates of survey biomass are higher than the observed survey in 1984, 1987 and 1990, then 
follow the declining trend in survey biomass to 2001.  The model underestimates the 2003 survey 
biomass (Figure 4.13).  Rapid changes in biomass are unexpected due to the longevity of Dover sole and 
may be due to sampling variability or changes in survey catchability. 

Model estimates of biomass 
The model estimates of age 3+ biomass decreased from a high of 168,000 t in 1986 to 100,000 t in 2001, 
then increased slightly to 102,000 in 2004 (Table  4.10 and Figure 4.11).  Female spawning biomass 
increased from 55,000 t in 1984 to 62,000 t in 1990 then declined to 37,000 t in 2004.  

Model estimates of recruitment 
The model estimates of age 3 recruits decrease from 1984 to the mid-1990’s then increase and fluctuate 
about the mean recruitment in recent years (Table 4.10 and Figure 4.12).  Recent recruitments are 
constrained to be similar to the mean, which results in an underestimate of uncertainty indicated by the 
95% confidence interval in Figure 4.12.  In general, the uncertainty in recruitment increases from the 
starting years to the ending years of the model.    

Spawner-Recruit Relationship 
No spawner-recruit curve was used in the model.  Recruitments were freely estimated but with a modest 
penalty on extreme deviations from the mean value. 

Reference fishing mortality rates and yields 
Reliable estimates of biomass, B35%, F35% and F40%, are available.  Given that the current biomass is 
greater than B40%, Dover sole is in Tier 3a of the ABC and overfishing definitions.  Under this definition, 
Fofl= F35%, and FABC is less than or equal to F40%.   

Maximum ABC for 2005 using F40% 
= 0.121 was estimated at 6,642 t.  OFL yield at F35% = 0.152 was 

estimated at 8,241 t.  Model estimates of historical fishing mortality have been well below target rates 
(Figure 4.14).  Fishing mortality increased from close to 0 in 1984 to a high of about 0.09 in 1991 then 



 

   

declined to about 0.01 in 2003.  Female spawning biomass in 2004 (36,898 t) is estimated to be just 
below B0 (41,193 t), and well above B40% (16,477 t). 

Maximum sustainable yield 
Since there was no estimate of the spawner-recruit relationship, no attempt was made to estimate MSY.  
However, using the projection model described in the next section, equilibrium spawning biomass with 
fishing at F=0 was estimated at 41,193 t.  B35% (equilibrium spawning biomass with fishing at F35%) was 
estimated at 14,418  t. 

Projected catch and abundance 
A standard set of projections is required for each stock managed under Tiers 1, 2, or 3 of Amendment 56.  
This set of projections encompasses seven harvest scenarios designed to satisfy the requirements of 
Amendment 56, the National Environmental Protection Act, and the Magnuson-Stevens Fishery 
Conservation and Management Act (MSFCMA). 

For each scenario, the projections begin with the vector of 2004 numbers at age estimated in the 
assessment.  This vector is then projected forward to the beginning of 2005 using the schedules of natural 
mortality and selectivity described in the assessment and the best available estimate of total (year-end) 
catch for 2004.  In each subsequent year, the fishing mortality rate is prescribed on the basis of the 
spawning biomass in that year and the respective harvest scenario.  In each year, recruitment is drawn 
from an inverse Gaussian distribution whose parameters consist of maximum likelihood estimates 
determined from recruitments estimated in the assessment.  Spawning biomass is computed in each year 
based on the time of peak spawning and the maturity and weight schedules described in the assessment.  
Total catch is assumed to equal the catch associated with the respective harvest scenario in all years.  This 
projection scheme is run 1000 times to obtain distributions of possible future stock sizes, fishing mortality 
rates, and catches. 

Five of the seven standard scenarios will be used in an Environmental Assessment prepared in 
conjunction with the final SAFE.  These five scenarios, which are designed to provide a range of harvest 
alternatives that are likely to bracket the final TAC for 2005, are as follow (“max FABC” refers to the 
maximum permissible value of FABC under Amendment 56): 

Scenario 1:  In all future years, F is set equal to max FABC.  (Rationale:  Historically, TAC has 
been constrained by ABC, so this scenario provides a likely upper limit on future TACs.) 

Scenario 2:  In all future years, F is set equal to a constant fraction of max FABC, where this 
fraction is equal to the ratio of the FABC value for 2005 recommended in the assessment to the max 
FABC for 2005.  (Rationale:  When FABC is set at a value below max FABC, it is often set at the value 
recommended in the stock assessment.) 

Scenario 3:  In all future years, F is set equal to 50% of max FABC.  (Rationale:  This scenario 
provides a likely lower bound on FABC that still allows future harvest rates to be adjusted 
downward when stocks fall below reference levels.) 

Scenario 4:  In all future years, F is set equal to the 1999-2003 average F.  (Rationale:  For some 
stocks, TAC can be well below ABC, and recent average F may provide a better indicator of FTAC 
than FABC.) 

Scenario 5:  In all future years, F is set equal to zero.  (Rationale:  In extreme cases, TAC may be 
set at a level close to zero.) 

Two other scenarios are needed to satisfy the MSFCMA’s requirement to determine whether a stock is 
currently in an overfished condition or is approaching an overfished condition.  These two scenarios are 
as follow (for Tier 3 stocks, the MSY level is defined as B35%): 



 

   

Scenario 6:  In all future years, F is set equal to FOFL.  (Rationale:  This scenario determines 
whether a stock is overfished.  If the stock is expected to be above ½ of its MSY level in 2005 
and above its MSY level in 2015 under this scenario, then the stock is not overfished.) 

Scenario 7:  In 2005 and 2006, F is set equal to max FABC, and in all subsequent years, F is set 
equal to FOFL.  (Rationale:  This scenario determines whether a stock is approaching an overfished 
condition.  If the stock is expected to be above its MSY level in 2017 under this scenario, then the 
stock is not approaching an overfished condition.) 

Projected catch and abundance were estimated using F40%, F35%, F equal to the average F from 1999 to 
2003, F equal to one half F40%, and F=0 from 2005 to 2009 (Table  4.11).  Under scenario 6 above, the 
year 2005 female spawning biomass is 36,444 t and the year 2015 spawning biomass is 17,999 t, above 
the B35% level of 14,418 t.  For scenario 7 above, the year 2017 spawning biomass is 16,959 t also above 
B35%.  Fishing at F40%, female spawning biomass is projected to decline from 36,444 t in 2005, to 19,439 
t in year 2017 (Figure 4.16).  Female spawning biomass is projected to remain at about the current level, 
fishing at the recent average F (Figure 4.17). 

Acceptable biological catch 
ABC for 2005 using F40% = 0.121 was estimated at  6,642 t.  The ABC by management area using F40% 
was estimated by calculating the fraction of the 2003 survey biomass in each area and applying that 
fraction to the total ABC: 

Dover sole ABC by INPFC area 
 Western Central West Yakutat East Yakutat/SE Total

ABC 2004 210 3,298 2,114 1,020 6,642

 

Overfishing level 
Yield at F35% = 0.152 was estimated at 8,241 t.  

Data gaps and research priorities 
 

Summary 
Table  4.12 shows a summary of model results. 
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Table 4.1.  Catch of Dover sole in the Gulf of Alaska from 1978 to 9 October, 2004. 
Year Catch (mt)
1978 827
1979 530
1980 570
1981 457
1982 457
1983 354
1984 132
1985 43
1986 23
1987 56
1988 1,087
1989 1,521
1990 2,348
1991 9,741
1992 8,364
1993 3,804
1994 3,053
1995 2,082
1996 2,178
1997 3,659
1998 2,174
1999 2,263
2000 957
2001 536
2002 492
2003 946
2004 682

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

Table 4.2.  Catches from NMFS research cruises from 1977 to 1998. 

Year Catch (mt) 
1977 1.12 
1978 5.99 
1979 5.04 
1980 0.92 
1981 15.80 
1982 5.71 
1983 7.71 
1984 15.79 
1985 17.58 
1986 1.25 
1987 16.16 
1988 0.06 
1989 1.90 
1990 11.65 
1991 0.02 
1992 0.97 
1993 14.80 
1994 0.06 
1995 0.00 
1996 7.39 
1997 0.01 
1998 5.00 

 

Table 4.3.  Biomass estimates and standard errors from the trawl survey from 1984 to 2003. 

Survey Biomass(t) S.E. 
NMFS trawl 1984 68,525  6,136 
NMFS trawl 1987 63,397 7,388 
NMFS trawl 1990 96,602 12,375 
NMFS trawl 1993 85,422 6,443 
NMFS trawl 1996 79,531 5,624 
NMFS trawl 1999 74,365 5,267 
NMFS trawl 2001 63,794 7,516 
NMFS trawl 2003 99,327 10,442 

* A value for the eastern gulf survey biomass was estimated by using the average of the 1993 to 1999 
biomass estimates in the eastern gulf, which was added to the 2001 survey biomass in the central and 
western gulf to obtain a survey biomass for the total area. 

 

 

 

 

 

 



 

   

Table 4.4. Survey biomass estimates (t) for 1993 to 2003 by area.* 

Area 
1993 1996 1999 2001 2003 

Western        2,371       1,458        1,430 896 3,149 
Central      43,388      37,144        34,323 31,639 49,314 
Eastern 39,664 40,928 38,612 31,259* 46,865 
   

*The 2001 survey biomass for the eastern gulf was estimated by using the average ratio of the eastern 
gulf biomass to the total biomass for 1993, 1996, 1999 and 2003. 

 

Table 4.5.  Survey biomass estimates by depth and the fraction of biomass in depths greater than 500 
meters. 

Depth (m) 1984 1987 1990 1993 1996 1999 2001 2003
 Average 
fraction 

1-100 2,829 4,402 12,290 4,760 6,561 6,432 3,909 10,185   

100-200 30,221 25,832 57,777 44,002 37,858 28,704 16,298 45,181   

200-300 7,928 12,040 19,986 19,931 18,102 19,578 7,491 17,832   

300-500 6,822 8,935 6,549 16,735 17,014 12,318 4,836 13,593   

500-700 8,166 10,542       6,014   12,537   

700-1000 12,558 1,647       1,323       

Total 68,525 63,397 96,602 85,427 79,535 74,367 32,534 99,327   

fraction>500 0.30 0.19       0.10   0.13 0.18

fraction<500 0.70 0.81       0.90   0.87 0.82
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Table 4.8.  Mean length (cm) at age for male Dover sole from triennial surveys 1984 
through 2001. 

Age 1984 1993 1996 1999 2001
1 0.0 0.0 0.0 0.0 18.0
2 0.0 0.0 0.0 0.0 0.0
3 26.7 36.0 25.2 25.5 25.2
4 30.0 31.0 29.1 29.7 28.8
5 32.4 33.5 31.6 31.2 31.8
6 32.1 33.6 33.6 32.3 34.5
7 33.0 38.1 34.4 31.3 35.1
8 35.0 40.7 34.0 35.6 35.9
9 34.8 40.4 34.9 36.5 40.8

10 40.0 39.2 35.2 32.3 41.3
11 35.8 43.0 35.8 34.3 43.5
12 34.2 42.0 41.0 43.2 47.0
13 36.0 41.0 39.2 38.3 0.0
14 39.0 45.0 42.6 35.5 43.3
15 38.2 44.2 43.9 50.0 44.4
16 37.5 44.0 40.7 44.3 45.3
17 35.6 44.3 44.3 44.0 44.8
18 37.9 49.4 44.0 44.3 50.7
19 36.8 47.7 42.6 50.0 44.8
20 38.8 50.5 46.3 46.0 46.8
21 36.8 44.0 43.0 45.3 52.0
22 36.8 40.0 45.0 40.8 43.0
23 38.2 46.5 43.5 45.5 49.6
24 39.1 41.8 0.0 44.4 49.3
25 36.4 44.0 40.0 44.3 45.8
26 37.5 41.0 0.0 40.8 48.0
27 38.7 43.0 41.0 40.7 48.0
28 37.0 0.0 47.0 45.5 43.3
29 36.5 46.0 41.0 40.3 0.0
30 38.3 43.0 0.0 39.7 49.0
31 39.0 41.0 0.0 44.7 48.0
32 38.0 37.0 0.0 45.0 46.3
33 41.0 0.0 0.0 41.7 44.3
34 40.0 0.0 0.0 42.0 42.4
35 41.0 40.0 0.0 41.5 45.5
36 0.0 45.0 44.5 42.5 43.6
37 0.0 45.0 50.0 42.3 43.3
38 0.0 45.0 0.0 35.0 40.3
39 0.0 0.0 48.0 39.8 40.5
40 0.0 0.0 0.0 37.0 38.5
41 0.0 0.0 0.0 0.0 39.0
42 44.0 0.0 44.0 43.0 45.0
43 41.0 0.0 0.0 39.7 42.0
44 45.0 0.0 0.0 0.0 42.3
45 0.0 0.0 0.0 39.0 39.3
46 0.0 0.0 0.0 43.5 0.0
47 0.0 0.0 0.0 41.5 44.0
48 0.0 0.0 0.0 36.0 0.0

 

 

 

 

 



 

   

Table 4.9.  Mean length (cm) at age for female Dover sole from trawl surveys 1984 
through 2001. 

Age 1984 1993 1996 1999 2001
1 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 18.0 0.0 19.0
3 0.0 29.0 26.5 21.0 24.5
4 0.0 33.7 28.7 26.8 29.4
5 33.4 39.5 33.2 32.5 32.7
6 34.9 33.8 27.6 35.4 35.4
7 35.7 33.4 33.8 32.0 36.3
8 35.4 37.3 36.5 35.6 39.0
9 37.0 45.2 38.9 41.0 42.8

10 38.2 42.0 35.5 32.5 44.9
11 39.5 42.6 39.0 41.3 48.5
12 39.0 43.5 46.1 44.3 0.0
13 40.0 44.1 42.1 46.0 45.8
14 40.0 45.5 44.3 44.5 51.0
15 41.4 47.3 46.6 44.5 48.8
16 45.0 59.0 47.3 47.2 43.0
17 43.6 51.7 49.3 45.4 51.1
18 43.0 52.4 48.6 47.5 53.2
19 42.4 54.0 48.2 52.0 54.0
20 41.9 55.3 50.5 52.5 56.2
21 42.3 51.9 47.2 53.0 55.0
22 44.1 58.0 48.5 52.7 60.5
23 43.1 57.8 51.7 48.6 58.3
24 45.0 52.2 45.5 52.0 56.7
25 44.2 53.0 50.3 54.0 56.4
26 43.7 51.5 55.0 54.3 58.4
27 45.3 48.5 53.2 48.8 55.4
28 45.8 48.3 52.0 49.0 50.5
29 45.6 49.8 48.0 48.5 51.0
30 45.5 42.5 51.5 52.0 49.3
31 43.8 57.5 0.0 50.0 52.1
32 43.3 46.0 51.0 53.5 55.3
33 46.5 49.0 54.3 52.2 55.2
34 50.0 45.5 54.0 44.0 49.0
35 0.0 52.0 0.0 49.7 57.7
36 48.7 55.5 42.0 0.0 58.2
37 39.0 44.0 55.8 48.0 56.8
38 0.0 49.0 50.8 54.5 53.2
39 0.0 45.0 52.0 0.0 53.0
40 0.0 0.0 50.0 45.8 57.8
41 0.0 0.0 60.0 45.5 47.7
42 0.0 0.0 46.0 45.5 46.0
43 0.0 43.0 46.0 45.5 52.8
44 0.0 0.0 61.0 45.5 49.0
45 48.0 0.0 54.0 0.0 51.2
46 0.0 0.0 0.0 53.5 57.3
47 0.0 0.0 0.0 41.0 58.0
48 0.0 0.0 0.0 40.0 51.0
49 0.0 0.0 0.0 0.0 0.0
50 0.0 0.0 0.0 0.0 0.0
51 0.0 0.0 0.0 0.0 0.0
52 0.0 0.0 0.0 0.0 57.0
53 0.0 0.0 0.0 47.0 0.0

 



 

   

Table 4.10.  Estimated age 3+ population biomass (t), female spawning biomass (t) and 
age 3 recruits (1,000’s). 

Year age 3+ 
biomass 

Female spawning 
biomass

Age 3 recruits 
(1,000's)

1984 166,843 54,537 18,397
1985 167,311 55,901 14,822
1986 167,913 57,398 19,075
1987 167,325 59,030 14,397
1988 165,770 60,705 10,799
1989 162,382 61,750 9,260
1990 158,001 62,307 9,089
1991 152,440 62,050 9,202
1992 139,092 57,560 6,129
1993 127,531 53,550 7,222
1994 121,276 51,798 11,378
1995 115,174 50,262 6,149
1996 111,096 49,023 11,634
1997 108,293 47,482 19,048
1998 104,501 44,912 17,378
1999 102,188 43,024 12,223
2000 100,747 40,997 16,046
2001 100,262 39,696 12,610
2002 100,837 38,685 15,823
2003 101,611 37,792 16,803
2004 101,991 36,898 15,406

 



 

   

 

Table 4.11.   Projected female spawning biomass and yield from 2005 to 2009.   
Year Female spawning 

biomass (t)
Yield(t) 

 
F=F40%   

2005 36,444 6,642 
2006 33,023 6,028 
2007 30,383 5,602 
2008 28,237 5,291 
2009 26,457 4,906 

F=F35%   
2005 36,444 8,241 
2006 32,165 7,253 
2007 28,927 6,579 
2008 26,351 6,089 
2009 24,263 5,538 

F=0.5 F40%   
2005 36,444 3,419 
2006 34,776 3,279 
2007 33,495 3,198 
2008 32,443 3,149 
2009 31,550 3,040 

5 yr avg F=0.016   
2005 36,444 902 
2006 36,146 901 
2007 36,055 912 
2008 36,074 927 
2009 36,153 924 

F=0   
2005 36,444 0 
2006 36,637 0 
2007 36,999 0 
2008 37,451 0 
2009 37,946 0 

 



 

   

Table 4.12. Summary of results of Dover sole assessment in the Gulf of Alaska. 
Natural Mortality      0.085 
  
Age of full (95%) selection       14 females, 12 males 
Reference fishing mortalities  

F40% 0.121 
F35% 0.152 

  
Biomass at MSY N/A 
Equilibrium unfished Female Spawning biomass 41,193 t 
B40%    Female Spawning biomass fishing at F40% 16,477 t 
B35%    Female Spawning biomass fishing at F35%                14,418 t 
  
Projected 2005 biomass  

Total (age 3+) 102,395 t 
Spawning 36,444 t 

  
Overfishing level for 2004 8,241 t 

Table 4.13.  Selectivity curvey parameter estimates and likelihood values. 

Parameter                          Value 
Fishery selectivity 
 age at 50% 5.00
 age at 95% 12.66
 age at 50% 5.00
 age at 95% 10.48
Deep survey selectivity  
female age at 50% 14.78
 age at 95% 40.0
male age at 50% 11.10
 age at 95% 35.98
Shallow survey selectivity 
female age at 50% 7.91
 age at 95% 19.74
male age at 50% 3.87
 age at 95% 5.58

 

description likelihood 
recruitment 14.8
fishery length 264.4
survey length 279.2
survey age 243.4
survey biomass 26.7
total 828.8
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Figure 4.1. Selectivities for the fishery (solid line), deep survey(to 1000 meters) 
(dotted line) and shallow survey (to 500 meters)(dashed line).  Males are the lines with 
the + symbol. 
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Figure 4.2.  Mean length at age estimated from the 1984 through 1996 survey 
combined(females solid line, males dotted line), used to estimate the length-age transition 
matrix. 
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Figure 4.3.  Mean length at age for female Dover sole from survey data 1984 and 1993 to 

2001. 
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Figure 4.4.   Mean length at age for male Dover sole from survey data 1984 and 1993 
to 2001. 
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Figure 4.5. Fit to the female fishery length composition data. Dotted line is 
predicted. 
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Figure 4.6.  Fit to the male fishery length composition data. Dotted line is predicted. 
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Figure 4.7. Fit to the female survey length data. Dotted line is predicted.  
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Figure 4.8. Fit to the male survey length data. Dotted line is predicted.  
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Figure 4.9.   Fit to the female survey age data.  Age groups are 3 to 19 by 1 year and 5 
year bins starting at 20-24.  The last age group is 40+. Dotted line is predicted.  
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Figure 4.10.   Fit to the male survey age data.    Age groups are 3 to 19 by 1 year and 5 
year bins starting at 20-24.  The last age group is 40+. Dotted line is predicted. 

 



 

   

 

 

 
 

Year

B
io

m
as

s(
t)

1985 1990 1995 2000

0
50

00
0

10
00

00
15

00
00

20
00

00

+ + + + + + + + + + + + + + + + + + + + +

 

Figure 4.11.   Age 3+ biomass (solid line) and female spawning biomass (line with +) 
from 1984 to 2004.  The approximate lognormal 95% confidence intervals shown 
underestimate the uncertainty because variance in natural mortality and survey Q as well 
as other fixed parameters are not accounted for. 
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Figure 4.12.   Age 3 estimated recruitments (male plus female) in numbers from 1984 
to 2004, with approximate 95% confidence intervals.  Horizontal line is average 
recruitment. 
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Figure 4.13.  Fit to survey biomass estimates with approximate 95% log-normal 
confidence intervals for the observed survey biomass estimates 1984 to 2003. 
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Figure 4.14.   Fishing mortality rate and female spawning biomass from 1984 to 2004 
(solid line, start and end years labeled).  Dotted line is the overfishing harvest control rule 
and the dashed line is the target harvest control rule.  Vertical lines are B35% and B40%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.15.  Biomass by depth interval for trawl surveys. 
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Figure 4.16.  Projected female spawning biomass from 2005 to 2017 fishing at FABC = 
F40%. 
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Figure 4.17.  Projected female spawning biomass from 2005 to 2017 fishing at FABC = 
average 5 year F=0.15. 

 

 



 

 

Appendix A. 

Table  A.1. Model equations describing the populations dynamics. 
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Table  2.  Likelihood components. 
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- offset 

age and length compositions using a 
multinomial distribution. Nsamp is the 
observed sample size.  Offset is a constant term 
based on the multinomial distribution. 
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the offset constant is calculated from the 
observed proportions and the sample sizes. 
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survey biomass using a lognormal distribution, 
ts is the number of years of surveys. 

2

1
)(∑

=

T

t
tτ  

Recruitment, where ),0(~ 2
Rt N στ  

  

Table  3.  List of variables and their definitions used in the model.  
Variable     Definition 
T number of years in the model(t=1 is 1984 and 

t=T is 2004 
A number of age classes (A =22, corresponding to 

ages 3(a=1) to 19,20-24,25-29,30-34,35-39 and 
40+ . 

wa mean body weight(kg) of fish in age group a. 

aφ  proportion mature at age a 

Rt age 3(a=1) recruitment in year t 
R0 geometric mean value of age 3 recruitment 

tτ  recruitment deviation in year t 

Nt,a  number of fish age a in year t 
Ct,a  catch number of age group a in year t 
pt,a proportion of the total catch in year t that is in 

age group a 
Ct Total catch in year t 
Yt total yield(tons) in year t 
Ft,a instantaneous fishing mortality rate for age 

group a in year t 
M Instantaneous natural mortality rate 
Et average fishing mortality in year t 

tε  deviations in fishing mortality rate in year t 

Zt,a Instantaneous total mortality for age group a in 
year t 

sa selectivity for age group a 



 

 

Table 4. Estimated parameters for the Admodel builder model.  There were 124 
total parameters estimated in the model. 

Parameter     Description 
log(R0) log of the geometric mean value of age 3 

recruitment 

tτ              20041984 ≤≤ t , plus 37 
parameters for the initial age composition 
equals 58. 

Recruitment deviation in year t 

log(f0) log of the geometric mean value of fishing 
mortality 

tε              20041984 ≤≤ t ,    21 
parameters 

deviations in fishing mortality rate in year t 

Age at 50% selected and age at 95% 
selected for logistic function, 4 parameters  

selectivity parameters for the fishery for 
males and females. 

Age at 50% selected and age at 95% 
selected for logistic function, 8 parameters  

selectivity parameters for the survey for 
males and females, deep and shallow 
surveys. 

 

Table  5. Fixed parameters in the Admodel builder model. 
Parameter Description 
M = 0.085 females , M=0.085 males Natural mortality 
Q = 1.0 catchability for surveys to 1000 meters 
Q=0.82 Catchability for surveys to 500 meters 
Q=0.42 Catchability for 2001 survey 
Linf , Lage2 , k , cv of length at age 2 and age 
20 for males and females 

von Bertalanffy Growth parameters 
estimated from the 1984-1996 survey 
length and age data. 
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